Experiments were undertaken to study the effect of introducing isolated mammalian cell mito chondria into tissue culture cells. The DNA of isolated mitochondria was labeled in vitro with 3 Hthymidine. Incorporation of 3 H-thymidine into mitochondrial DNA was increased tenfold by the addition of bovine serum albumin and sucrose to the assay.
Experiments were undertaken to study the effect of introducing isolated mammalian cell mito chondria into tissue culture cells. The DNA of isolated mitochondria was labeled in vitro with 3 Hthymidine. Incorporation of 3 H-thymidine into mitochondrial DNA was increased tenfold by the addition of bovine serum albumin and sucrose to the assay.
Labeled HeLa cell mitochondria were fused with WI38 (human fibroblast) and I-T-22 (Bromodeoxyuridine resistant mouse cell line) cells in the presence of Sendai virus and autoradiographs were made. The results indicated that isolated mitochondria may have been introduced into the cells by the fusion process.
Fusion of mitochondria isolated from mouse tumor cell lines with isogenic primary mouse embryo fibroblasts induced permanent growth of these cells in tissue culture, whereas isolated mitochondria of mouse embryo fibroblasts or allogenic tumor cells did not have this effect.
Recent investigations have studied intensively the structure and mode of function of mitochondrial DNA-, RNA-and protein synthesizing systems 1-3 .
These reports stress consistently the partial independence of the mitochondrial systems from those directed by the nucleus 4 10 . Homogenization, centrifugation and treatment with DNAse I (50 -100//g/ml) followed, as described by NASS and BUCK u . Electron microscope examination showed the absence of intact nuclei and nuclear fragments.
In vitro labeling of the DNA of isolated mitochondria and determination of radioactivity
The DNA of isolated mitochondria was labeled in vitro with 3 H-thymidine (New England Nuclear, Boston, Mass.; spec, radioact. 20 Ci/mmole) as described by MITRA and BERNSTEIN 12 . Twenty /ug bovine serum albumin (BSA; Armour)/ml and 0.1 M sucrose were added to the incubation assay. Radioactivity of trichloroacetic acid (TCA) insoluble material was determined as described before 13 .
Fusion of mitochondria with cells
The fusion technique used was essentially that described previously 14 . Pelleted isolated mitochondria were resuspended in 2.5 ml of 2X BME with 2% FCS. The labeled mitchondria were washed twice by pelleting and resuspending in homogenizing medium to eliminate contamination by non-incorporated 3 H-thymidine. Mitochondria from 5-10 8 cells were fused with 2-10 6 cells. The origin of isolated mitochondria and cells used for fusion are given in Table 2 . Exposure of isolated mitochondria to Sendai virus for 1 hr reduced the yield of intact mitochondria by approximately 30% (Fig. 1) . After fusion, the cells were plated and trypsinized 24 hours later to remove mitochondria attached to the cell surface; they were then seeded in 60-mm petri dishes with cover-slips. Fortyeight hours after fusion, the cells were fixed in Carnoy's solution and processed for autoradiography.
Cell counting and protein determination
To obtain comparative cell counts, 2-10 5 cells fused with mitochondria of either tumor cells or primary embryo fibroblasts, were seeded in plastic flasks. The cells were trypsinized and resuspended in versene-buffered counting fluid 15 and counted 48 and 96 hrs later in a Coulter particle counter, Model B. Each point value given in Fig. 4 is the mean of the 48 and 96 hr values of viable cells. The viability of the cells was examined with trypan blue. Protein determinations by the LOWRY method 16 were carried out simultaneously with the cell counting on identically prepared samples.
Autoradiography
Cover-slip cultures were exposed to an osmotic shock by immersion in distilled water for 2 -3 seconds. They were fixed immediately in modified Carnoy's solution (95% ethanol: glacial acetic acid, 3 : 1) and exposed to Kodak AR10 stripping film for 3 weeks. They were stained with Harris' hematoxylin and Giemsa, dried and mounted in Permount. In evaluating the autoradiographs, grain counts were taken of at least 1000 cells from each cell line used, differentiating between the number of grains over the entire cell and the number over the nucleus. The grain counts were averaged, and the mean grain count for the entire cell, as well as for the nucleus, was calculated and evaluated statistically after eliminating falsely-positive grains with STILLSTRÖM' S method 17 .
Results

Effect of bovine serum albumin on the incorporation of S H-thymidine by isolated mitochondria
To obtain a strong label to trace isolated mitochondria, mitochondrial DNA was labeled in vitro with 3 H-thymidine because of its higher specificity (as compared with that obtained with labeled protein), using the procedure described by MITRA and BERNSTEIN 12 . In preliminary experiments it was found that addition of 20 //g/ml BSA and 0.1 M sucrose to the assay increased the incorporation of 3 H-thymidine tenfold (Fig. 1) . To insure that the majority of the mitochondria were intact after the labeling procedure, samples of the incubation assay were rerun on linear sucrose (0.6 -2.0 M) gradients for 90 minutes. The gradients were fractionated and the samples were precipitated with trichloroacetic acid (TCA). The single radioactivity peak was found to band in the usual position of intact mitochondria (top diagram of Fig. 1 ). 
Fusion of isolated HeLa cell mitochondria with WI38 cells and I-T-22 cells
In autoradiographs of WI38 cells after fusion with DNA-labeled mitochondria isolated from HeLa cells, grains were localized mainly over the nuclei (Fig. 2 *) whereas in autoradiographs of I-T-22 cells fused with labeled mitochondria, the grains were grouped characteristically over the cytoplasm (Fig. 3) . Approximately 47% of the WI38 cells were significantly labeled over the background, with a mean grain number of 32 grains/cell. The same preparation showed 45% labeled nuclei with a mean grain number of 21 grains/nucleus. With I-T-22 cells, the result was 77% labeled cells, 8 grains/cell and 57% labeled nuclei, 6 grains/nucleus, respectively (Table 1) 
Fusion of isolated mitochondria from mouse tumor cells with primary mouse embryo fibroblasts
Isolated mitonchrondria of the carcinogen-(methylcholanthrene) induced tumor cell lines MBG and MC57G were fused with primary mouse embryo fibroblasts in the presence of Sendai virus. These tumor cell lines were derived from the mouse strains CBA/T6 and C57BL, respectively.
Fusion of embryo fibroblasts with all types of mitochondria resulted in growth acceleration during the first days after fusion (Fig. 4) . Only when embryo fibroblasts were fused with isolated mitochondria from the isogenic tumor cell line (e. g. CBA/T6 embryo fibroblasts with MBG mitochondria or C57BL embryo fibroblasts with MC57G mitochondria) could permanent growth be induced ( trol embryo fibroblasts, treated with isolated mitochondria from isogenic or allogenic embryo fibroblasts or allogenic tumor cells, could not be kept in culture for longer than 8 -9 passages (Table 2 and Fig. 4 ).
Further controls which are not noted in Table 2 consisted of fusion of embryo fibroplasts with themselves. These cultures behaved similarly to those fused with isolated mitochondria of embryo fibroblasts. Tests for oncogenicity by injecting these cells subcutaneously in baby mice as well as examination for C-type particles remained negative.
Discussion
Our experiments show that isolated mitochondria or at least their DNA may have been introduced into cells by the use of Sendai virus. Since autoradiography was performed on cell monolayers rather than cell sections, the radioactivity found in autoradiographs of cells fused with labeled mitochondria could be a result of labeled material adsorbed to the cell surface. Intensive trypsinization carried out 24 hours after fusion, however, reduces this possibility. Moreover, the silver grains over the nuclei, especially in the case of fusion of isolated HeLa cell mitochondria with WI38 cells, indicates intracellular label. An uptake of mitochondria or intact or degraded mitochondrial DNA had therefore occurred. It is uncertain, however, whether the macromolecular material causing the autoradiographic grains over the cycloplasm was localized in intact mitochondria or was released into the cytoplasm of the recipient cell.
Autoradiographs of WI38 cells (human fibroblast) after fusion with isolated mitochondria containing highly-labeled DNA revealed the grains to be almost exclusively over 45% of the nuclei with considerably fewer grains over the cytoplasm (Table 2 ). This result suggests that the structure of the fused mitochondria was destroyed (either extracellularly or intracellularly) and the labeled DNA, possibly after partial degradation, was reutilized for nuclear DNA synthesis.
In contrast, autoradiographs of the mouse cell line I-T-22 after fusion with isolated HeLa cell mitochondria revealed grains in characteristic groups over about 77% of the cells and only 57% of the nuclei with a much lower average grain number. Utilization of the labeled material for nuclear DNA synthesis seemed to be considerably lower in this case; first, because of the clear difference between the percentages of labeled cells and labeled nuclei and secondly, because of the much lower average grain number. It is not clear why the total of labeled cells was higher after fusion with I-T-22 cells. The mouse cell line may possibly be more susceptible to the action of the Sendai virus fusion factor. Since the doubling times of WI38 and I-T-22 cells are approximately equal, the following interpretation of the results is possible: Because there is little difference between the percentages of labeled cells and labeled nuclei after fusion of WI38 cells with HeLa cell mitochondria, intensive utilization of labeled material for nuclear DNA synthesis seems to follow the uptake of mitochondria or mitochondrial DNA. Fusion of HeLa cell mitochondria with mouse cells seems to induce an uptake of mitochondria or mitochondrial DNA comparably in a greater percentage of the cells. Utilization of the labeled material for nuclear DNA synthesis, however, apparently occurs at a much lower rate because of the clear difference between the percentages of labeled cells and labeled nuclei.
These results suggested further experiments in which purified mitochondria of the tumor cell lines MBG and MC57G and from mouse embryo fibroblasts of CBA/T6 and C57BL mice were fused with isogenic and allogenic mouse embryo fibroblasts. If one assumes, on the basis of the experiments described (although fusion of HeLa cell mitochondria with WI38 cells is not a strictly correct model) that reutilization of mitochondrial DNA is considerably higher in "isogenic fusion" (e. g. CBA/T6 and MBG mitochondria) than in "allogenic fusion" (e. g. CBA/T6 and MC56G mitochondria) and that mitochondrial DNA contains essential information for some tumor cell property, it should be possible to transfer tumor-like properties to embryo fibroblasts by fusion with isogenic tumor cell mitochondria.
When primary mouse embryo fibroblasts were fused, in the presence of Sendai virus, with isolated mitochondria regardless of origin, an initial growth acceleration occurred (Fig. 4) . However, only after fusion with mitochondria from the isogenic tumor cell line could permanent growth of the primary cultures be induced.
In spite of the controls the possibility that an agent such as RNA, contaminating the "purified" mitochondrial preparation, was responsible for these results cannot be excluded, particularly for the initial growth enhancement in all experiments 18 . It seems unlikely, however, that contaminating RNA also caused the induction of permanent growth after fusion of embryo fibroblasts with isogenic tumor cell mitochondria. In this case one would expect the RNA of the allogenic tumor cell line to have the same effect 19 .
Although the tests for oncogenicity and C-type particles in all cultures remained negative it cannot be excluded by these experiments that an unknown 1
